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During the first year of this project our ob-
jective was to identify enzymatic catalysts 
which carry out oxyfunctionalization reactions 
of particular interest from a synthetic point of 
view, and do so with simple organic substrates. 
We have now identified, and are characterizing 
and developing for possible synthetic use, oxy-
genase systems which carry out oxygenation of 
heteroatoms, oxygenative ketonization of alco- 
hols, and epoxidation of olefins. All of these 
reactions represent basic, synthetically impor-
tant transformations. In all cases, the reactions 
are highly regio- and stereoselective, and have 
been carried out on a preparative scale. Our re-
sults have established for the first time that en- 
zymes previously considered to be simple "hy- 
droxylases" readily carry out these three reac-
tions types. 
Some specific examples of these reaction 
types are as follows. Working with the copper-
containing monooxygenase, dopamine-a-hydroxy- 
lase, we have demonstrated for the first time 
sulfoxidation by an enzyme heretofore consider-
ed to be a "hydroxylase". Sulfoxidation exhibits 
all characteristics diagnostic of a monooxygenase 
reaction, and is stereospecific. The stereochemi-
stry of oxygen attack is fully consistent with that 
established for methylene hydroxylation by this 
enzyme. Furthermore, detailed kinetic experi-
ments have established that sulfoxidation pro-
ceeds much more readily than hydroxylation for 
comparable substrates. Preparative scale pro-
duction of essentially optically pure sulf oxides 
has been easily accomplished, even with crude 
enzyme preparations. 
Turning to ketone production, we have uti-
lized two approaches to the enzymatic generation 
of ketones with controlled stereo- and regio-
specificity. Firstly, we have demonstrated that 
enzymatic hydroxylation of the enantiomers of 
normal products can generate ketones via an oxy-
genase pathway, a process which is unprecedented 
and totally distinct from the familiar alcohol de-
hydrogenase reaction. Again with dopamine-13 
-hydroxylase, we have demonstrated that ketoni-
zation via this pathway is kinetically facile, and 
preparative scale experiments easily produce iso- 
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dated yields in the mg/m1 range, even with crude 
enzyme preparations. We are currently investiga-
ting whether this approach to stereoselective ke-
tonization will be applicable to other oxygenases. 
Our second approach to ketonization has been the 
identification, isolation, and purification of a se-
condary alcohol dehydrogenase which produces ke-
tones from a variety of straight-chain and alicy-
clic secondary alcohols of moderate chain length, 
while primary alcohols are unreactive. Our dehy-
drogenase has a much broader specificity than si-
milar enzymes recently described in the literature. 
Preparative scale generation of ketones using both 
crude and purified enzyme preparations have again 
been successfully demonstrated in this case. 
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Our objective in this project is to 
identify enzymatic catalysts which carry out 
oxyfunctionalization reactions of particular 
interest from a synthetic point of view, and 
do so with simple organic substrates. We 
have now identified, and are characterizing 
and developing for possible synthetic use, 
oxygenase systems which carry out oxygenation 
of heteroatoms, oxygenative ketonization of 
alcohols, and epoxidation of olefins. All of 
these reactions represent basic, syntheti-
cally important transformations. In all 
cases, the reactions are highly regio- and 
stereoselective, and have been carried out 
on a preparative scale. Our results have 
established for the first time that enzymes 
previously considered to be imple "hydroxy-
lases" readily carry out these three reac-
tions types. 
Some specific examples of these reac-
tion types are as follows. Working with the 
topper-containing monooxygenase,dopamine-a-
lydroxylase, we have demonstrated for the 
first time sulfoxidation by an enzyme here-
tofore considered to be a "hydroxylase". 
Sulfoxidation exhibits all characteristics 
diagnostic of a monooxygenase reaction, and 
is stereospecific. The stereochemistry of 
oxygen attack is fully consistent with that 
established for methylene hydroxylation by 
this enzyme. Furthermore, detailed kinetic 
experiments have established that sulfoxida-
tion proceeds much more readily than hydr-
oxylation for comparable substrates. Pre-
parative scale production of essentially 
optically pure sulfoxides has been easily 
accomplished, even with crude enzyme prepa-
rations. 
Within the past few months, we have ex-
tended these studies to other heteroatoms 
and have established that enzymatic oxygena-
tion also occurs readily in these cases with 
Dopamine-a-Hydroxylase, but not with the non 
-heme iron "expoxidase/hydroxylase" from P.- 
Oleovorans. The mechanistic basis for this 
difference in reactivity is currently under 
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Investigation. 
Enzymatic production of aldehydes and 
ketones has also been an area of interest to 
us. We have now established that aldehydes 
can be produced from simple terminal olefins 
by our non-heme iron monoxygenase. We view 
the mechanism of this reaction as involving 
a radical intermediate formed from initial 
attack of the activated iron-oxo (formally 
Fe
v
=0) species on the terminal carbon of the 
of the oletin, followed by H atom migration 
and collapse to the aldehyde product. Evi-
dence for this mechanism comes from D migra-
tion studies, and work with F-substituted 
compounds. Turning to ketone production, 
we are developing two approaches to the gen-
eration of ketones with controlled stereo-
and regiospecificity. Firstly, we have de-
monstrated that enzymatic hydroxylation of 
the enantiomers of normal products can gene-
rate ketones via an oxygenase pathway, a 
process which is unprecedented and totally 
distinct from the familiar alcohol dehydro-
genase reaction. Again with dopamine-1S-
hydroxylase, we have demonstrated that ke-
tonization via this pathway is kinetically 
facile, and preparative scale experiments 
easily produce isolated yeilds in the mg/ml 
range, even with crude enzyme preparations. 
We are currently investigating whether this 
approach to stereoselective ketonization 
will be applicable to other oxygenases. Our 
second approach to ketonization has been the 
identification, isolation, and purification 
of a secondary alcohol dehydrogenase which 
produces ketones from a variety of straight-
chain and alicyclic secondary alcohols of 
moderate chain length, while primary alco-
hols are unreactive. Our dehydrogenase has 
a much broader specificity than similar en-
zymes recently described in the literature. 
Preparative scale generation of ketones us-
ing both crude and purified enzyme prepara-
tions have again been successfully demonstra-
ted in this case. 
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Our objective in this project•is to 
identify enzymatic catalysts which carry 
out oxyfunctionalization reactions of par-
ticular interest from a synthetic point of 
view, and do so with simple organic sub-
strates. We have now identified, and are 
characterizing and developing for possible 
synthetic use, oxygenase systems which 
carry out oxygenation of heteroatoms, oxy-
genative ketonization of alcohols, and 
epoxidation of olefins. All of these re-
actions represent basic, synthetically 
important transformations. In all cases, 
the reactions are highly regio- and 
stereoselective, and have been carried out 
on a preparative scale. Our results have 
established for the first time that en-
zymes previously considered to be imple 
"hydroxylases" readily carry out these 
three reactions types. 
In a specific example of this ap-
proach with the copper monooxygenase dopa-
mine-B-hydroxylase, we demonstrated for 
the first time sulfoxidation by an enzyme 
heretofore considered to be a "hydroxy-
lase". Sulfoxidation exhibits all char-
acteristics diagnostic of a monooxygenase 
reaction, and is stereospecific. The 
stereochemistry of oxygen attack is fully 
consistent with that established for meth- 
ylene hydroxylation by this enzyme. 
Furthermore, detailed kinetic experiments 
have established that sulfoxidation pro-
ceeds much more readily than hydroxylation 
for comparable substrates. Preparative 
scale production of essentially optically 
pure sulfoxides has been easily accom-
plished, even with crude enzyme prepara-
tions. 
Such studies are now being extended 
in several ways. First, we are examining 
other enzymes heretofore considered "spe-
cific" hydroxylases for the facility and 
stereospecificity with which they may be 
able to carry out effect sulfoxidation of 
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appropriate substrates. Secondly, we are 
examining other heteroatoms in order to 
scope the limits of heteroatom oxygen-
ation reactions which can be effected with 
these enzymatic catalysts. Finally, using 
the approaches of physical organic chem-
istry, we are attempting to develop a 
mechanistic rationale for differences we 
observe in the abilities of oxygenases of 
different classes to carry out heteroatom 
oxygenation. Specific examples of these 
approaches are current investigations of 
Se oxygenation by dopamine-B-hydroxylase, 
and S oxygenation by the non-heme-iron 
dependent epoxidase of P. oleovorans. 
Finally, we have initiated studies 
aimed at exploiting our ability to gener-
ate in high yield chiral epoxides from 
simple olefins with our enzymatic cata-
lysts. Such chiral epoxides are attrac-
tive from a synthetic viewpoint, since 
they can be opened readily to give chiral 
synthons not readily obtainable by purely 
chemical means. Thus, through a combin-
ation of enzymatic and chemical steps, 
synthetically-important species may be 
generated from simple olefin precursors. 
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